Objective: To investigate the effects of socioeconomic deprivation on cardiovascular risk factors and postoperative clinical outcomes of patients undergoing coronary artery bypass grafting (CABG). Design: Retrospective analysis of prospectively collected data. Setting: Surgical population of the southwest of England, April 1996 and August 2000. Study group: Data on 3578 consecutive patients undergoing CABG at the Bristol Royal Infirmary NHS Trust were abstracted. Data were retrieved from the Patient Analysis & Tracking System. Carstairs index was used to measure socioeconomic deprivation of area of residence and was divided into five quintiles, where quintile 1 denotes least deprived and 5 most deprived. Outcome measures: End points were postoperative complications and 30 day mortality. Results: Higher deprivation scores were associated with younger age (p < 0.004), greater body mass index, diabetes, smoking at time of surgery, and higher EuroSCOREs (all p < 0.001). After adjustment for EuroSCORE, socioeconomic deprivation was independently associated with postoperative myocardial infarction (p = 0.05) and combined postoperative myocardial infarction, stroke, and death (p = 0.016). Hospital length of stay for the patients in the highest quintiles was also significantly longer than for those in the lower quintiles (p = 0.04). Conclusion: Patients undergoing CABG living in areas with high deprivation scores are younger, have more clinical risk factors, and experience more postoperative cardiovascular complications than patients living in low deprivation score areas.
S
ocioeconomic deprivation is associated with morbidity and mortality from coronary artery disease, 1 2 reduced access to specialist cardiac services, 3 less uptake of non-invasive cardiac investigations 4 and revascularisation procedures, 1 5-8 and uptake of cardiac rehabilitation. 9 This is an important issue for the current health care agenda since the magnitude of socioeconomic differentials in mortality from cardiovascular disease has increased over the past decades in the UK and in several European countries. 10 11 In recent decades coronary artery bypass grafting (CABG) as a result of continuous improvement in quality of care has been established as an effective treatment in the advanced stages of coronary artery disease. 12 13 However, the influence of socioeconomic deprivation on early inhospital outcomes in patients undergoing CABG remains controversial.
The availability of a database to collect clinical details prospectively of all patients at our institution provides an opportunity to investigate the association between socioeconomic deprivation, preoperative risk factors, postoperative complications, and 30 day post-CABG mortality in one cardiac centre in the southwest of England.
METHODS

Patient selection and data collection
The study site covers a population of one million, with approximately 40% of patients referred from other health authorities throughout the southwest of England. We undertook a retrospective evaluation of all patients undergoing CABG at our institution from April 1996 and August 2000. A standard set of perioperative clinical data were collected prospectively for all patients. Data were entered on each patient prospectively by anaesthetists, surgeons, staff within the intensive care unit and high dependency unit, and ward nurses on to the Patient Analysis & Tracking System (Dendrite Clinical Systems, London, UK). Data were patient demographics, cardiovascular risk factors (body mass index, hypertension, cholesterol, diabetes, previous myocardial infarction, and smoking at the time of surgery), the EuroSCORE, which assesses preoperative risk (including variables such as sex, age, previous myocardial infarction, left ventricular function, angina class, endocarditis), 14 and perioperative clinical outcomes. Area deprivation scores have been used for many purposes, particularly analysis for health care services. The Carstairs index for the 1981 census of Scotland, developed by Vera Carstairs and Russell Morris, is considered a benchmark index. 15 This is based on 1991 census data on car ownership, unemployment, overcrowding, and social class within postcodes. Initially, scores were arbitrarily divided into seven categories for 1981. The division into seven groups was maintained in 1991 simply to have a similar number of groups containing the same proportions of the whole population for comparison purpose. Others have used four categories for a much smaller population.
The Carstairs index, derived from patients' postcodes, was also used to measure socioeconomic deprivation in our study. The entire study population was equally divided into five quintiles (where quintile 1 denotes least deprived and 5 most deprived) to provide the best power to identify trends.
Clinical management
Anaesthetic and surgical techniques were standardised throughout the study period as previously reported. 16 At the end of surgery, patients were transferred to the intensive care unit and managed in accordance with unit protocol. 16 Forced air warming was used until a stable nasopharyngeal temperature of 37°C was reached. Patients were extubated as soon as they met the following criteria: haemodynamic stability, no excessive bleeding (< 80 ml/hour), normothermia, and consciousness with pain control. Fluid management postoperatively consisted of 5% dextrose infused at 1 ml/kg/h, with additional colloid or blood to maintain normovolemia and haematocrit greater than 24%. Potassium and magnesium deficiencies were promptly treated as necessary to maintain electrolyte balance within the normal range.
Clinical data, monitoring and definitions Mortality was defined as any death that occurred within 30 days of operation either in hospital or in the community. Clinical diagnostic criteria for postoperative myocardial infarction were new Q waves > 0.04 ms or a reduction in R waves > 25% in at least two leads. ST elevation was considered significant if > 1 mm. Pacing, arrhythmias, and inotropic requirement were also recorded and defined as previously reported. 15 Pulmonary complications were chest infection, ventilation failure, reintubation, and tracheostomy. Postoperative blood loss was defined as total chest tube drainage. Neurological complications were permanent and transient stroke. Renal complications were acute renal failure as defined by the requirement for haemodialysis. Finally, infective complications were septicaemia, and sternal and leg wound infection as defined by positive culture and requiring antibiotics. 16 
Statistical analysis
Following the method of Carstairs and Morris, 15 each variable (that is, car ownership, unemployment, overcrowding, and social class) was standardised to have a population weighted mean of zero and a variance of one to allow each variable to have an equal influence on the resultant score. Standardisation was achieved by subtracting the all population mean from each variable and dividing the result by the standard deviation of that variable. This is called the z score method and the sum of these new standardised variables produces the deprivation score for each postcode sector.
Differences in patient baseline risk factors and clinical outcomes were analysed across the five quintiles using the χ 2 test (trend) for categorical variables and analysis of variance for continuous variables. Means and standard deviations are reported for continuous variables. Significance was taken at p < 0.05 (two sided). Logistic regression analysis was used to examine the association of Carstairs index with clinical outcomes adjusted EuroSCORE using Stata statistical software (Stata Corporation, College Station, Texas, USA). Results are reported as odds ratios and 95% confidence intervals.
RESULTS
Data on of 3578 patients were abstracted. The Carstairs values ranged from -5.26 (least deprivation) to +8.38 (most deprivation). Table 1 presents demographic data including the median value for each quintile and preoperative variables. Patients in the highest quintiles waited on average 14 days longer for surgery than patients in the lowest quintiles, but this did not reach significance (table 1) . High deprivation scores were associated with younger age, greater body mass index, diabetes, smoking at time of surgery, and higher EuroSCOREs (table 1) . No differences were observed across the quintiles with respect to the extent of coronary artery disease or operative priority. Table 2 presents perioperative variables. Socioeconomic deprivation was associated with increased inotrope use, with lower values being found in the highest quintiles (p = 0.004) (table 2). Thirty day mortality ranged from 1.2-1.4% and no significant trend was found across the quintiles. There were, however, more postoperative myocardial infarctions in the most deprived groups (1.8% of patients in quintile 1 and 3.3% of patients in quintile 5; p = 0.05). Hospital length of stay was also significantly longer in the most deprived groups (p = 0.03). After adjustment for EuroSCORE (which already includes independent risk factors such as age and sex), significant associations between socioeconomic deprivation and postoperative myocardial infarction and combined outcome of 30 day mortality, postoperative myocardial infarction, and stroke were found (table 3) .
DISCUSSION
To the best of our knowledge, this is the first study to show that, in a British population undergoing CABG, socioeconomic deprivation is an independent predictor of poor cardiovascular outcome. This finding is important because postoperative myocardial infarction has been shown to adversely affect late prognosis. 17 Several explanations may address our findings. The first of these relates to comorbidity. Salomaa and colleagues 18 suggested that diseases other than coronary artery disease may accumulate among people with low socioeconomic status and influence their prognosis after myocardial infarction. The most deprived patients in our study did present with a significantly higher incidence of baseline risk factors including body mass index, diabetes mellitus, and smoking at time of surgery. The American Heart Association recognises obesity as a major risk for coronary artery disease, 19 and the Society of Thoracic Surgeons database reported that morbid obesity is an independent predictor of increased operative mortality in patients undergoing CABG. 20 In addition, obesity has been independently associated with coronary endothelial dysfunction even in patients with normal or mildly diseased coronary arteries. 21 Smoking has been strongly associated with myocardial infarction, particularly in women, 22 and several studies have shown the association between diabetes and coronary artery disease. 19 Secondly, differences in psychosocial factors may provide an additional explanation. In BHAT (β blocker heart attack trial) patients classified as being socially isolated and having a high degree of life stress had more than a four times greater risk of late death after myocardial infarction than men with low levels of both stress and isolation. 23 The role of psychosocial risk factors and non-fatal myocardial infarction has been highlighted, 24 as has the possible association between type A personality and risk of non-fatal myocardial infarction mediated by alterations in high density lipoprotein cholesterol concentration. 25 Thirdly, differences in the incidence of perioperative myocardial infarction may also be caused by differences in treatment and in those seeking treatment. It has recently been reported that medications with proven effect in secondary prevention, such as β blockers, antiplatelet agents, and hypolipidaemic agents, were less often prescribed after myocardial infarction for men with low income than for men with high income. 18 26 We were unable to confirm the results of a recent Italian study designed to measure socioeconomic inequalities in access to CABG and 30 day mortality in Rome. The authors found a significant association between social class and mortality after surgery, 27 but this may be explained by the following. Firstly, the cohort was older than the one we observed. Secondly, social class was used as an index to measure socioeconomic status, which included items of level of education. This may be a more sensitive method than measuring area deprivation. Thirdly, there are many differences in risk factors and incidence of coronary artery disease between Mediterranean and British populations. 28 Lastly, although our findings suggest that poor cardiovascular outcomes following CABG may be affected by socioeconomic deprivation, our study was underpowered to detect differences in 30 day mortality, although observed trends suggested that both mortality and stroke were higher in the most adverse quintile of deprivation score. We found no evidence of a graded "dose-response" relation, but it seems more likely that the effects of socioeconomic deprivation as measured by an area deprivation score may be insensitive to more moderate levels of deprivation compared with individual socioeconomic status. As no data were available on occupation, educational attainment, or material wealth it was not possible to examine this further.
Some limitations in our study design need to be mentioned. Firstly, ethnicity has also been associated with socioeconomic deprivation, 8 29 but in our cohort this was a factor in only 1% of the population. We therefore did not include this variable in our analysis. Secondly, less deprived patients tend to opt for CABG privately. It has been estimated that private sector activity for coronary revascularisation may add another 10-20% above the National Health Service (NHS) rates. 30 However, on the basis of the results of this study, it seems reasonable to suggest that the inclusion of those patients should increase the observed differences.
Current health policy is committed to reducing health inequalities and in particular improving access to specialist services. 31 Access to high quality specialist services is recognised as an important determinant of health status and it has been suggested that policies designed to provide equal access to acute health services may be cost effective in addressing the consequences of deprivation. 32 Regarding coronary artery disease, providing additional resources and cardiac procedures has been shown to increase the revascularisation rates across all socioeconomic groups, 33 but data on the improvement of clinical outcome with this policy has yet to be presented. It has been argued that targeting aspects of poor health among society's poorer groups may also address the associations found between socioeconomic deprivation and poor health. 32 However, this depends on a political commitment to reducing socioeconomic inequalities and on using a complex combination of strategies often involving a multidisciplinary approach. 32 In conclusion, our study suggests that patients undergoing CABG living in areas with high deprivation scores are younger, have more clinical risk factors, and experience more postoperative cardiovascular complications than patients living in low deprivation score areas. At physical examination the patient appeared chronically ill and in biventricular congestive cardiac failure, with findings of mild aortic regurgitation (AR), severe mitral (MR) and tricuspid regurgitation (TR), in the presence of a dilated left ventricle. The chest x ray showed cardiomegaly with pronounced left atrial dilatation (below, upper panel).The 12 lead ECG showed a sinus tachycardia, first degree atrioventricular conduction delay, and left atrial dilatation, while rhythm monitoring showed intermittent second degree type II atrioventricular conduction delay (below, lower panel). Laboratory assessment revealed a raised C reactive protein, erythrocyte sedimentation rate, anti-streptolysin O titre, and anti-DNAse B. The culture of the throat swab remained negative. Transthoracic echocardiography (right, upper panel) confirmed mild AR, and severe MR and TR with a mildly dilated left ventricle and preserved systolic function. The right ventricular pressures were raised (50 mm Hg). The clinical diagnosis of rheumatic carditis was considered in the presence of two major and two minor revised Jones criteria. Since thiscondition is rarely diagnosed in the Netherlands, and diagnostic uncertainty remained, it was decided to obtain left ventricular myocardial biopsies. In two of the three samples Aschoff bodies, pathognomonic for rheumatic carditis, were found (right, lower panel).
The patient was treated with penicillin, loop diuretics, angiotensin converting enzyme inhibitors, digitalis, and β blockers and his condition improved significantly.
